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H-DLC-Coated  Thrust  Bearing  Testing  Summary 

Tested  using  MAC  oil  (Pennzane)  w /  Pbnp 


jeffrey.r.lince@aero.org  [jgj]  THE  AEROSPACE 

©2007,  The  Aerospace  Corporation  &  Sandia  National  Laboratory.  All  Rights  Reserved  IcSi  CO  R  PO  R  AT  ION 


Torque  of  Thrust  Bearings 

Used  with  MAC  oil  (Pennzane)  w /  Pbnp 
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Auger  of  Thrust  Bearings 

Used  with  MAC  oil  w/  Pbnp  -  1.7x1 07  cycle  (no  failure) 

Uncoated  Bearings  NFC6-Coated  Bearings 


•  Little  wear  after  2  Mcycles  •  Mild  wear  of  coating  after  2  Mcycles 

•  Visible  wear  after  1 8  Mcycles  •  Coating  loss  in  some  areas  after  18  Mcycles 

_ •  Mostly  near  center  of  wear  track _ 
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Auger  of  Thrust  Bearings 

Used  with  MAC  oil  w /  Pbnp  -  18  Mcycle  (no  failure) 


i 

o 

_i 

D 

i 


co 


■O 

0) 

(0 

o 

o 

c 


o 

i 

■  !■■ 

o 
n 
'C 

O) 

c 

•  BM 

c 
’to 

c 
o 
o 

I 

O 
O 
B 

Q. 

■o 
o 

o 
to 
a> 

w 
QJ 
O 

II 

TO 

c  ® 

to  .q 
o 

:r-  ^ 

~  o 
c 

.2>8 

CO  o 


o 

_l 

D 

>-  i 

«  X 

‘E  c 
.E  o 

«  c 
«  o 

O) 

c  ro 

a  E 

CO  ki 

®  o 

£  H- 

■O  E 

®  = 

™  o 

O 

O  S 

o  4** 

_J  ® 

a  £ 

i 

1  Z 

^  3 
O  _Q 

(/)  w. 

c  C 
.2  -2 
O)  Q. 
0)  w 

*-  O 

c  « 

o  1 

s  $> 

§  o 
?  8 
S  & 

C  *»- 

z  a> 

O  T3 

.2  a. 

2  « 


®  to 

O  Q) 

c  *- 
o  g 
o  .2 

xi  ? 

a  £ 

i  i 


jeffrey.r.lince@aero.org  *  BjBlTHE  AEROSPACE 

©2007,  The  Aerospace  Corporation  &  Sandia  National  Laboratory,  All  Rights  Reserved  Bal  OO  R  PO  R  AT  ION 


FTIR  Results  on  H-DLC-Coated  &  Uncoated  Thrust  Bearings 

Tested  using  MAC  oil  w/  Pbnp 
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•  Pbnp  in  oil  appears  to  break  down  with  increasing  running  time 

-  Regardless  of  tribofilm  deposition  (l.e.,  compare  Auger  of  coated  and  uncoated 
samples 
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FTIR  Difference  Spectra 

H-DLC-Coated  &  Uncoated  Thrust  Bearings,  Tested  using  M  AC  oil  w/  Pbnp 
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H-DLC-Coated  Thrust  Bearing  Testing  Summary 

Tested  using  NSO2001  Oil  (Pennzane  w /  Phosphate  Additives) 
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Ail  samples  failed  except  one  H-DLC  sample  (NFC6),  which  was  stopped 
after  20,000,000  cycles 

-  Indicates  that  H-DLC  can  provide  significantly  longer  life  with  NSO2001 

-  Variation  likely  due  to  high  roughness  of  bearings 


Torque  of  Thrust  Bearings 

Tested  using  NS02001  Oil  (Pennzane  w/  Phosphate  Additives) 
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SEM/Auger  on  H-DLC-Coated  (Unfailed)  Thrust  Bearing 

Tested  using  NSO2001  Oil  -  20  Mcycle  (no  failure) 
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SEM/Auger  on  H-DLC-Coated  (Unfailed)  Thrust  Bearing 

Tested  using  NSO2001  Oil  -  20  Mcycle  (no  failure) 
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FTIR  Results  on  H-DLC-Coated  Thrust  Bearings 

Tested  using  NSO2001  Oil 

Wavelength  (cm'1) 
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H-DLC-Coated  Thrust  Bearing  Testing  Summary 
Tested  using  NS02001A  Oil  (Unformulated) 
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Summary  of  H-DLC-Coated  Thrust  Bearing  Results 
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Summary  of  DLC-Coated  Thrust  Bearing  Results 
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Part  II  -  Effect  of  Environment  on  Friction  of 
Hydrogenated  DLC  Coatings 
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Effect  of  Relative  Humidity  on  Friction 

H-DLC  coated  steel  ball  sliding  on  H-DLC  coated  steel  plate 
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Effect  of  Relative  Humidity  on  Friction 

H-DLC  coated  steel  ball  sliding  on  H-DLC  coated  steel  plate 
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The  Effect  of  H20  on  Different  Carbon  Coatings 

Hydrogenated  vs.  Non-hydrogenated 


Pin-on-Disk  Tribometry  of  H-DLC 

Variation  of  Friction  with  Rotation  Speed  and  Humidity 
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LABORATORY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  “architect-engineer”  for  national  security  programs,  specializing  in 
advanced  military  space  systems.  The  Corporation's  Laboratory  Operations  supports  the  effective  and  timely 
development  and  operation  of  national  security  systems  through  scientific  research  and  the  application  of 
advanced  technology.  Vital  to  the  success  of  the  Corporation  is  the  technical  staffs  wide-ranging  expertise  and 
its  ability  to  stay  abreast  of  new  technological  developments  and  program  support  issues  associated  with  rapidly 
evolving  space  systems.  Contributing  capabilities  are  provided  by  these  individual  organizations: 

Electronics  and  Photonics  Laboratory:  Microelectronics,  VLSI  reliability,  failure  analysis, 
solid-state  device  physics,  compound  semiconductors,  radiation  effects,  infrared  and  CCD 
detector  devices,  data  storage  and  display  technologies;  lasers  and  electro-optics,  solid-state 
laser  design,  micro-optics,  optical  communications,  and  fiber-optic  sensors;  atomic  frequency 
standards,  applied  laser  spectroscopy,  laser  chemistry,  atmospheric  propagation  and  beam 
control,  LIDAR/LADAR  remote  sensing;  solar  cell  and  array  testing  and  evaluation,  battery 
electrochemistry,  battery  testing  and  evaluation. 

Space  Materials  Laboratory:  Evaluation  and  characterizations  of  new  materials  and 
processing  techniques:  metals,  alloys,  ceramics,  polymers,  thin  films,  and  composites; 
development  of  advanced  deposition  processes;  nondestructive  evaluation,  component  failure 
analysis  and  reliability;  structural  mechanics,  fracture  mechanics,  and  stress  corrosion;  analysis 
and  evaluation  of  materials  at  cryogenic  and  elevated  temperatures;  launch  vehicle  fluid 
mechanics,  heat  transfer  and  flight  dynamics;  aerothermodynamics;  chemical  and  electric 
propulsion;  environmental  chemistry;  combustion  processes;  space  environment  effects  on 
materials,  hardening  and  vulnerability  assessment;  contamination,  thermal  and  structural 
control;  lubrication  and  surface  phenomena.  Microelectro  mechanical  systems  (MEMS)  for 
space  applications;  laser  micromachining;  laser-surface  physical  and  chemical  interactions; 
micropropulsion;  micro-  and  nanosatellite  mission  analysis;  intelligent  microinstruments  for 
monitoring  space  and  launch  system  environments. 

Space  Science  Applications  Laboratory;  Magnetospheric,  auroral  and  cosmic-ray  physics, 
wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric  and  ionospheric  physics, 
density  and  composition  of  the  upper  atmosphere,  remote  sensing  using  atmospheric  radiation; 
solar  physics,  infrared  astronomy,  infrared  signature  analysis;  infrared  surveillance,  imaging  and 
remote  sensing;  multispectral  and  hyperspectral  sensor  development;  data  analysis  and 
algorithm  development;  applications  of  multispectral  and  hyperspectral  imagery  to  defense,  civil 
space,  commercial,  and  environmental  missions;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  Earth's  atmosphere,  ionosphere  and  magnetosphere;  effects  of 
electromagnetic  and  particulate  radiations  on  space  systems;  space  instrumentation,  design, 
fabrication  and  test;  environmental  chemistry:,  trace  detection;  atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions,  and  radiative  signatures  of 
missile  plumes. 
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